Introduction
nd-Stage Kidney Disease (ESKD) is one of the most important health burdens worldwide. The total number of patients with ESKD was 350000 until 2010 based on 7% to 9% incidents per year. Most of these patients need hemodialysis, and 70% to 85% of them prefer using intrahospital hemodialysis methods [1, 2] . Central venous catheterization is one of the common procedures in new medicine, and it is a method for getting short or long-term venous access for hemodialysis or other diagnostic and therapeutic procedures [3, 4] .
Although the best and gold-standard venous access method for hemodialysis is arteriovenous fistulas, the number of patients, who prefer using temporary or permanent hemodialysis catheters, is increased [2, 5] . One of the most common devices is cuffed or permanent hemodialysis catheters (Permicaths), which is increasingly used for this purpose and its applying is the main aim of this study [1, 6] .
We indicated the insertion of percutaneous dialysis catheters in the following situations [2] : 1. Patients who are waiting for arteriovenous fistula surgery or its maturation; 2. When the arteriovenous fistula is contraindicated (such as in end-stage heart failure); 3. When life expectancy is less than a year; Those who are waiting for kidney transplantation in the immediate future.
Although the placement of these catheters is an invasive procedure, it has low but definite mortality and morbidity. Some leading causes of mortality and morbidity in this procedure include natural vascular variations, short and thick neck in obese patients, and no enough experience in catheter insertion [2] . The value of reported complications and morbidities caused by the inexperienced practitioner is 5% to 10%, 2% to 15%, 10% to 15%, and even 35% [7] [8] [9] [10] .
Practitioners can place central venous cannulation devices in 3 ways [2]:
Cut down surgical method, which required an experienced person; this method is recommended because of low complication risks during insertion.
Percutaneous insertion method (Seldinger technique), which is done based on anatomic landmarks (so-called blind method) and it is the preferred method for the people who are not working in the surgical field.
Percutaneous insertion method under the guidance of sonography. Although there are various sites for central venous punctures, the right internal jugular vein is the recommended site for this procedure [2] .
Nowadays, sonography is increasingly used for the placement of central venous catheters, and it is facilitated by portable bedside ultrasound devices [2] .
Using landmarks for internal jugular vein puncture may have instant and significant complications. The most important and common complications are carotid artery puncture, neck hematoma, pneumothorax, and hemothorax; however, the rare complications are brain infarction because of the arterial punctures and damages to the brachial plexus, satellite ganglion, or phrenic nerve [4] . The puncture needle and its inappropriate entrance can cause all of the complications mentioned above as well [4] .
All new guidelines suggest using ultrasound as the guide for placing central venous catheters (such as dialysis catheters), owing to fewer complications and fewer try and more success rates while applying color Doppler ultrasound as a guide compared to the blind method [1] . It is worth mentioning that the portable color Doppler ultrasound devices are novel in developing countries hospitals such as in this hospital (Imam Hossain Hospital, a referral hospital complex, Tehran, Iran).
Objectives and goals
The aim of this study was to compare the sonographyguided placement of permanent hemodialysis catheters (cuffed ones) with the traditional landmark method (blind method) to investigate whether the Doppler-guided placement of permanent dialysis catheters (which is considered the novel in our country) has fewer complications and more success rates or not. Should this method become the routine and the first catheter placement method? Which method is more satisfactory by the patients? Thus, we can sketch useful guidelines for our center or other health centers in our country or even other developing countries.
Materials and Methods
In this prospective randomized case-control clinical trial, we evaluated all the patients with ESKD (N=80) referred to the vascular surgery clinics or by intrahospital consultations asking for the placement of permanent hemodialysis catheters during 2014 to 2015. All of the patients in this study had the experience of hemodialysis catheter insertion and the patients, who had the hemodi-E alysis catheter for the first time, were excluded from the study in order to prevent any bias in the measurement of patients' satisfaction.
The patients were randomized by the lottery. The two groups included sonography-guided group (n=40), as the case group, and the blind method group (n=40), as the control group. The sonography guidance was done by Sonoscape S6 Ultrasound unit with the linear probe, in 2D neck color Doppler mode. A trained person, who was not in the insertion team, explained the purposes and advantages of the study, or even the possible complications of each insertion method and privacy considerations to the patients. All the patients signed informed consent. For the ethical considerations, patients who did not have consent to be a part of the study were excluded. As the other exclusion criterion for bias reduction, the patients who preferred to undergo a certain procedure were excluded.
We prepared the variables in a checklist, and trained people filled them and collected data in the operation rooms during the insertion. All the procedures were performed in a sterile setup and under local anesthesia. The physician ordered a Chest X-Ray (CXR) after the procedure following a post-op visit in the ward. The data were analyzed by SPSS V. 21 software. In the data analysis, we tried to stratify patients in sex, age, and neck shape to reduce more bias.
Evaluated variables and their definitions are as follow: The Number of Attempts: the number of attempts for each procedure until diagnosing that is impossible to insert the catheter by the surgeon or successful and complete placement of the catheter.
Insertion Failure: insertion failure was defined as the inability to introduce the catheter properly and completely in the central venous system despite using an appropriate technique, for any reason, from the beginning to the end of the procedure; for example, being unable to puncture the vein after multiple unsuccessful tries by the practitioner leading to the stoppage of the procedure, inability to introduce the guidewire or catheter because of any obstacle and stenosis in the path or no backflow after catheter insertion.
Failure with the first attempt: Unable to puncture the vein or any patient's related obstacles during the procedure leading to a failure to insert the catheter successfully and completely by the practitioner. Patients Satisfaction: it is defined as patients' satisfaction with the overall procedure based on the patients' ease during the procedure. We designed a questionnaire, for this purpose in this study, consisting of 3 ordinal qualitative answers for 1 question (How do you rate the overall procedure based on your ease during the procedure?): Poor (considered as low satisfaction); Fair (considered as intermediate satisfaction); Excellent (considered as high satisfaction). The questionnaire was delivered to the patients by a person who was not in the insertion team.
Results
This study was carried out on 80 patients that were randomly divided into two groups (40 patients per group). The comparisons of the variable between the two groups are explained separately in detail.
Descriptive statistics
Tables 1, 2, and 3 present the descriptive results of this study.
According to Table 1 , there were 3 insertion failures in the sonography-guided group (7.5%) versus 10 in the landmark group (25%). Additionally, there were 4 failures (10%) with the first attempt in the sonographyguided group and 16 (40%) in the landmark group. No pneumothorax or hemothorax was observed in both groups. We noted 3 (7.5%) neck hematomas in the sonography-guided group in comparison to 6 (15%) in the landmark group.
Three patients (7.5%) had low satisfaction from the sonography-guided group versus 15 (37.5%) in the landmark group. Furthermore, 21 patients (52.5%) had intermediate satisfaction from the sonography-guided method compared to 23 patients (57%) satisfied with the landmark method. Table 3 , the Mean±SD number of attempts was 1.18±0.501 in the sonography-guided group versus 1.75±1.104 in the landmark group. The Mean±SD venous cannulation time was 0:00:34±0:00:35 in the sonography-guided group compared to 0:00:48±0:00:51in the landmark group. The total procedure time Mean ±SD was 0:03:07±0:00:44 in the sonography-guided group and it was 0:04:03±0:01:04 in the landmark group. The Mean±SD arterial puncture number was 1.15±0.533 times in the sonography-guided group versus 0.20±0.405 in the landmark group.
According to

Inferential statistics The Number of attempts
The Mean±SD number of attempts in all of the patients in both groups was 1.46±0.899. Additionally, the minimum number of attempts was 1 and the maximum ones were 4. The average rating of attempts was 35.13 in the sonography-guided group versus 45.88 in the landmark group. According to the Mann-Whitney U Test, there was a statistically significant difference in the mean rank 
Variable Frequency/Relative Frequency (%)
Sonography-Guided Landmark
Insertion failure 3 7.5 10 25
Failure with the first attempt between two groups (Z=-2.725, P=0.006). The number of attempts was fewer in the sonography-guided group.
Insertion failure
Insertion failure frequency was significantly decreased in the sonography-guided group compared to the landmark group by the Chi-square testing (Chi-square=4.501, P=0.034).
Insertion failure in the first try
According to the Chi-square test, failure in the first try frequency was significantly decreased in the sonography-guided group compared to the landmark one (Chi-square=9.600, P=0.002).
Venous cannulation time
There was no significant difference in venous cannulation time between the two groups by using the Levante`s independent t test. (t=-1.379, P=0.172).
Total procedure time
According to the Levante`s independent t test, the total procedure time was significantly lower in the sonography-guided group (t=-1.379, df=69.549, P=0.172).
Pneumothorax
We used the Chi-square test to compare the frequency of pneumothorax between two groups, but there was no significant difference between them (Chi-square=1.013, P=0.314).
Neck Hematoma
According to the Chi-square test, there was no significant difference in neck hematoma frequency between two groups (Chi-square=1.127, P=0.288).
Carotid puncture
The minimum carotid puncture frequency was zero, and the maximum one was 3 in all the patients. The carotid puncture means rank was 38.6 in the sonographyguided group, while it was 42.40 in the landmark one. Based on the Mann-Whitney U test, there was no significant difference between the two groups.
Patient satisfaction
The mean satisfaction score was 2 for all the patients, indicating that the patients had overall intermediate sat-isfaction from the procedure. The mean rank of the patients' satisfaction was 50.58 in the sonography-guided group, while it was 30.43 in the landmark group. According to the Mann-Whitney U test, people are significantly more satisfied with the sonography-guided method compared to the landmark method (Z=-4.306, P=0.0001).
Discussion
As we mentioned earlier, according to the results of the present study, the number of attempts was significantly decreased in the sonography-guided group, and it is compatible with Prabhu et al.'s study in 2010 [11] . Therefore, we recommend using sonography as a guide, especially when the patients' physical or mental condition mandates insertion with fewer attempts.
The insertion failure was significantly reduced in the sonography-guided group, and it is compatible with the findings of Denys et al. in 1993 [12] . Thus, we recommend sonography as a guide notably when the insertion failure will cause a major burden for the patient and in an emergency as well.
The failure in the sonography-guided group in addition to direct visualization and insertor experience might be because of previous catheter insertions that lead to anatomical variations and complications, such as anatomical venous angulation or stenosis that could make the insertion impossible and end up with insertion under venography visualization or surgery. As Marteen W. Taal et al. reported, central vein stenosis happens in some patients, who had previous tunneled hemodialysis catheters that might warrant fluoroscopy and venography for a safe and thorough insertion [13] .
According to these findings, failure with the first try was significantly decreased in the sonography-guided group. This finding is compatible with the studies of Rabindranath et al. and Denys et al. [1, 12] . We do emphasize using ultrasound as a guide in an emergency when the patient does not have enough physical and mental readiness.
As explained in the previous paragraphs, there was no significant difference in venous cannulation time between two groups, and it is not in line with the findings of Nadig et al. [14] . This result might be because of the practitioners' expertise in blind method insertion that led to a fast venous cannulation time.
The total procedure time was statistically lower in the sonography-guided method, and this result is compat-ible with the findings of Nadig et al. [14] . Since there was no statistical difference in venous cannulation time between the two groups, the lower total procedure time might be because of the fewer number of attempts in the sonography-guided group.
Based on our findings, there were no differences in complications such as pneumothorax, hemothorax, neck hematoma, or carotid puncture between the two groups. This finding is in contrast with the studies of Rabindranath et al. and Denys et al. [1, 12] . Nadig et al. found no difference in pneumothorax between the two groups as well; but in their study, neck hematoma was significantly decreased in the sonography-guided group. The previous applying of this method by the practitioners might lead to our results.
The patients' satisfaction rate was obviously higher from the sonography-guided method (Z=-4.306, P=0.0001). Thus, we suggest ultrasound as the first approach to have more patients with higher satisfaction.
Furthermore, according to the results, we can conclude that using color Doppler ultrasound as a guide for permanent hemodialysis catheter insertion will lead to quicker catheter insertion and a reduction in the number of attempts compared to the blind method, which is one of the main concerns in an emergency.
Conclusion
We have conceded that color Doppler ultrasound might not be available in every emergency room and emergency in general, especially in the disadvantaged areas; hence, we do suggest learning and teaching the blind method for every practitioner.
This study could not determine the best insertion method. Choosing a proper insertion approach might be varied for different patients because of the differences in the practitioners' expertise in each method, equipment, time limit, and patients' moral and physiological situation. The practitioners must select the proper method by evaluating the above-mentioned factors.
Each insertion method could be selected as the first insertion method, depending on the practitioners' choice. According to the recommendations of international organizations, such as NICE2002 and Renal Association 2007 for using sonography-guided insertion as the first method, and by considering its advantages such as more patients' satisfaction, it appears that sonography-guided method should be chosen as the first insertion method [7, 15] .
The results of this study could be generalized to other central venous catheter insertion methods. We recommend more evaluation for the other central venous catheters too.
We propose further studies to reveal the causes, which make the practitioners stop the procedure and consider it failed and clarify the exact anatomical obstacles by venography after the insertion failure.
Moreover, we recommend further investigations based on the patients' age, sex, and body mass index to revealing the effects of individual characteristics on the study's outcomes. Further evaluation warrants evaluating the history of catheter insertion as a variable too. Furthermore, we recommend standardized questionnaire-based studies, focusing just on patient's satisfaction in order to make a thorough questionnaire about these two approaches.
In this study, insertion failure was just based on practitioners' conclusion; we recommend other investigations with the aim of showing the variables that may affect practitioners to stop the procedure such as, practitioners' tiredness or low patients' compliance. Therefore, we could acquire a more precise definition of insertion failure.
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